Two hundred thirty-three randomly selected families provided a population for studying the effects of familial relationships, age, diet, body weight, and urinary electrolyte excretion on blood pressure. There was a strong familial component for urinary sodium, potassium, and creatinine excretion and for systolic blood pressure. In individuals, age, heart rate, and body weight were independently related to blood pressure. In women, urinary sodium and potassium levels were related to diastolic blood pressure. These individual relationships persisted when age was accounted for but were no longer significant after adjusting for both age and body weight, suggesting that heavier people eat more food, which in our culture means greater sodium intake. In fact, our randomly selected families were eating as much sodium (130 to 170 meq/day) and as little potassium (50 to 70 meq/day) as consumed by Americans several decades ago. Furthermore, this study again documented the rise in blood pressure with age, which may represent the effect of environmental influences on blood pressure over time. The familial aggregation of urinary sodium, potassium, and creatinine excretion, along with the well-established familial aggregation of body weight, emphasizes the importance of the entire family in the treatment and prevention of hypertension.
been incriminated in the etiology of hypertension.`S Although most epidemiological studies in western populations have failed to relate dietary factors to blood pressure, the many animal studies and crosscultural human studies have focused on the significant role of diet, especially the intake of sodium, in the genesis of human essential hypertension.
In this study we have examined the relationship of blood pressure to multiple dietary factors, to certain anthropometric indexes, and to age in the members of 233 randomly selected families. Dietary factors have been estimated in the same individual by two measurements: standardized dietary recalls and 24 hr urinary excretion of sodium and potassium. By posing the following questions, we sought to determine the relative significance of genetic and environmental factors in these relationships: (1) To what extent does the 24 hr excretion of sodium, potassium, and creatinine aggregate in families?
(2) How does excretion of these substances correlate with intake derived from dietary recalls? (3) What factors are important in the rise of blood pressure with age, from 16 to 65 years? Methods From May 1978 through May 1979 a random cluster sample of 936 dwelling units was selected from 3579 homes in a predominantly white middle class neighborhood in Portland, Oregon. Each month we randomly selected four intersections and one side of the street. Starting with the second house from the corner, every other house was selected until 50 interviews were obtained. Since this study was designed to focus on the family unit over a 5 year period, an eligible household had to consist of two or more persons 6 to 65 years old who ate together regularly (at least several times a week) and who expected to remain at their current residence for at least 6 months. A total of 501 families, 53.5% of the population, met these requirements. The professional interviewers excluded 38.4% of the households because they did not contain two or more individuals between the ages of 6 and 65 years. Some 3.1% of the households refused to be interviewed and 1.3% were never at home. Later 3.7% of households were excluded because family members did not eat together regularly, were planning to move within 6 months, or did not speak English. The percentages of excluded households in our study were similar to those derived from household surveys in the United States as a whole. According to the composition of households in the United States in 1977, 32 .2% consisted of one person or of one person or more with the head of household being 65 and older, compared with 38.4% of the households in our survey.9 This difference of 6% might be explained by the fact that we included no households of which the head was less than 20 years old, while the earlier figure included heads of households 14 to 65 years old. Another explanation is that we excluded two-person households in which one of the two members was less than 6 years of age.
The residents were then asked to participate in a 5 year intervention study emphasizing the gradual adoption of a low-fat, low-sodium, and high-potassium diet to lower or prevent the age-associated rise in the levels of the plasma lipids and of blood pressure. Of the 501 eligible households, 47% (233 households) agreed to participate; the racial makeup was 227 white, one black, and five families of other races. Of the nonparticipating families, 268 were white, two were black, and three were of other races. These households are hereafter referred to as families.
Since 53% of the eligible families declined to participate, the potential for existence of self-selection bias in our sample could have been sizeable. However, family members had initial values similar to those reported from studies of western populations with regard to plasma lipids and lipoproteins, 10' 11 24 hr urinary sodium, potassium, and creatinine excretion,'2-14 blood pressure, 11 diet, '5' 16 heart rate, anthropometric measurements," 1-17 type A behavior patterns,18 and symptoms reported on the Cornell Medical Index.'9 Therefore the evidence is good that, for the purposes of this study, our population was a reasonable representation of white, middle class American families.
The families (742 individuals) had an average of 3.18 members each, with ages ranging from newborn to 70 years. There were 58 boys and 50 girls younger than age 6 years, 86 boys and 77 girls ages 6 to 15 years, and 230 men and 246 women 16 years of age and older.
Baseline assessment studies were carried out on three occasions over a 1 month period for each family member. These included measurements of blood pressure, 24 hr urinary sodi-Vol. 70, No. 1, July 1984 um, potassium, and creatinine excretion, weight, height, triceps skinfold thickness, midarm circumference, apical heart rate, and plasma cholesterol, triglyceride, and lipoprotein fractions.
The lipid-lipoprotein data have been previously reported in this journal.'0 Children younger than 6 years underwent measurement of height and weight only. Finally, a battery of standardized psychological tests and personal interviews were given to subjects 16 years of age and older to assess health habits and psychosocial characteristics. The dietary patterns of persons 12 years of age and older were assessed. In this article the blood pressure, 24 hr urinary excretion of sodium, potassium, and creatinine, and dietary intake of selected nutrients are reported for all individuals with the above measurements. Urinary excretion of sodium, potassium, and creatinine.
The method of urine collection was described in detail to each family member. For several important reasons, the collections were generally made from 7 A.M. Sunday to 7 A.M. Monday. This avoided having to take collection bottles to work and school, which would increase the number of poor collections. Furthermore, this was the only day that the family members were likely to be together as a unit and consuming similar diets. It has been shown in one study that the urinary excretion of sodium was 15% greater on the weekend,20 which may reflect the ingestion of more food rather than saltier foods. Even if this were true for our population, the relationships between excretion and other parameters would not be altered, since everyone would be affected. Additionally, metabolic studies have shown that any single urinary value can reflect the sodium and potassium intake over the previous 3 to 4 days.2' Therefore our sampling could be reflective of sodium and potassium intakes for Thursday, Friday, Saturday, and Sunday.
Upon rising on Sunday, each participant emptied the bladder and recorded the time. Urine was collected thereafter with the participant recording the time of each voiding as well as indicating if and when any samples were inadvertently lost. Upon rising on Monday, each participant emptied the bladder for the final specimen and recorded the time. The sample was then brought to the clinic, usually by 9A.M. Completeness of collection was determined by the subject's records, careful questioning of the subject, and the output of creatinine in the 24 hr urine specimens. If the creatinine excretion was less than an arbitrary level of 10 mg/kg for men, 8 mg/kg for women, and 8 mg/kg for children, the sample was excluded from the analysis as an incomplete collection.'2 The fresh urine samples were analyzed for sodium and potassium* and creatinine22 by standard methods.
Blood pressure. The systolic and fifth-phase diastolic blood pressures were measured with the participant in a sitting position. Both feet were flat on the floor and the right arm was placed at heart level on a firm, level surface. The blood pressure readings were taken with a standard calibrated mercury sphygmomanometer after a 2 min waiting period; the second and third readings were taken with a calibrated Hawksley Random Zero Sphygmomanometer, with a 1 min waiting period preceding each measurement. All blood pressure readings were taken by registered nurses who had been standardized according to the protocol. The mean values of the two random zero readings taken at each of the three baseline clinical visits are reported. The age-sex subgroup means fell within the clinical ranges reported for the Lipid Research Clinics (LRC) prevalence study, which also used the random device." Our average blood pressure values were 2 to 3 mm Hg lower than the comparable agesex values reported in the LRC study for people greater than 36 years of age. This may be partly explained by the fact that fewer *Instruction Handbook, Model 143 Flame Photometer Instrumentation Laboratory, Inc., Watertown, MA 1967, p 25.
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people in those age categories as well as fewer people with hypertension joined the Family Heart Study.
Sodium and potassium intake estimated by 24 hr dietary recall. Twenty-four hour dietary information was taken from each participant 12 years of age and older according to the procedure used in the LRC prevalence study.23 This assessment was made once during baseline examination on Tuesday, Thursday, or Friday. The 24 hr dietary recall consisted of a verbal account by the participant of everything that he or she was able to recall having eaten or drunk during the previous 24 hr period.24 This information was collected in accordance with the standards established by the Nutrition Coding Center (NCC), Minneapolis.23 24 Interviews were carried out by NCC-certified nutritionists. Standardized food models, measuring utensils, and geometric models were used whenever possible to describe and ascertain portion size of food eaten. We report here the sodium and potassium intakes based on the dietary recall. In view of current interest about the role of dietary substances other than sodium and potassium in the genesis of essential hypertension, we have included information about dietary intake of calories, protein, total fat and fatty acids, carbohydrate, alcohol, calcium, and phosphorus.
Anthropometric measurements. Height was measured with the subject in stocking feet by means of an anthropometric plane. Body weight was measured with the subject clothed and shoeless on a beam-type balance scale calibrated with standard weights. The body mass index was calculated as [weight (kg)! height (cm)2] X 104. Triceps skinfold thickness was measured at the midpoint between the acromion and the tip of the elbow over the triceps muscle of the left arm by means of a Lange skinfold caliper. 25 The arm was hanging straight and relaxed. The skinfold thickness was measured three times at each clinic visit and a mean of three readings was used for analysis.
Apical heart rate. The apical heart rate was measured by listening with a stethoscope at the cardiac apex and counting for 1 min.
Statistical analyses. Means and standard deviations for all variables were calculated for boys, girls, men, and women. Estimates of the correlation coefficients were computed for men, women, and children for all variables. To investigate the effects independent of age and weight, correlation coefficients were calculated after adjusting for these variables, both singly and simultaneously, by multiple regression. To examine the familial aggregations of blood pressure and sodium, potassium, and creatinine excretion, we first computed standardized scores by sex for each half decade. An individual' s standardized or z score for a given variable was defined as follows: (observed value) -(mean for age-sex subgroup)/(agesex SD). This computation adjusts for age and sex. The blood pressure values and urinary sodium, potassium, and creatinine levels were adjusted for weight by regression. Intraclass correlation coefficients26 27 were then estimated by an unbalanced, one-way analysis of variance. Simple correlation coefficients were computed for four categories within the family. Correlation coefficients between parents and children were first calculated with the mean z scores for all children within a family and then with the values for a random child. The results of these two methods were in very close agreement. We report the estimates based on the mean z scores of all children.
Calculations were made with and without four men and 15 women who were taking antihypertensive medication. Although the data presented here represent all subjects, subgroup differences will be discussed.
Results
Adequate 24 hr urine specimens were collected from 467 men, women, and children (200 families). These represent 86% of the 233 families in the study. The mean 24 hr sodium excretions ranged from 102 meq for children to 127 meq for women and 168 meq for (table 1) . The potassium excretions were 43 (children), 51 (women) and 71 meq (men). However, the values for these three groups were roughly similar when expressed in terms of body weight. Creatinine excretion, derived from muscle creatine, was likewise similar for men, women, and children (mg/kg of body weight). The ratios of urinary sodium to potassium were remarkably similar for all three groups of people (men 2.69, women, 2.65, and children 2.63) and indicate the relative constancy of the excretion of these electrolytes in individuals consuming the typical American diet. The ratios of both sodium and potassium to creatinine were likewise roughly similar for men and women, with both ratios somewhat higher in children.
The urinary sodium excretion ranged from 20 to 420 meq/24 hr in the men'and from 20 to 300 meq/24 hr in the women (figure 1). The fifth percentile sodium levels were 65 meq/24 hr for men and 51 meq/24 hr for women. The 95th percentiles were 290 meq/24 hr for men and 226 meq/24 hr for women.
The distribution of the excretion of potassium paralleled the distribution of sodium excretion. The urinary potassium excretion ranged from 17 to 200 meq/24 hr in the men and from 13 to 110 meq/24 hr in the women (figure 2). The fifth percentile potassium levels were 27 meq/24 hr for men and 22 meq/24 hr for women. 15 
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g. 6 . The 95th percentiles were 139 meq/24 hr for men and 90 meq/24 hr for women.
Estimated intake derived from 24 hr dietary recall and 24 hr urinary excretion data. The intake of nutrients based on a single 24 hr dietary recall is given in table 2. These values are derived from all men, women, and children from ages 12 to 65 years for whom there were data. The mean energy intakes were similar for men (2674 kcals) and children (2582 kcals) and lower for women (1855 kcals). Intakes, expressed as a percent of total calories for protein, fat, and carbohydrate, were similar for men, women, and children. The mean alcohol intake as a percent of total calories was 4% for men, 2% for women, and 0.2% for children. The children had dietary intakes equal to or greater than those of men for calcium, sodium, potassium, and phosphorus. Although women had lower intakes, these were proportional to their lower energy intake.
To compare the dietary intakes of sodium and potassium by 24 hr dietary recall and 24 hr urine excretion, certain adjustments were necessary. The'nutrient data base did not include the sodium added in cooking and at the table. Current estimates made with disappearance data from retail sales, data from U S. Department of Agriculture surveys, and data from the Bureau of Mines indicate that approximately 40% of the total sodium intake of Americans is added to foods by the consumer.28, 29 Therefore the 24 hr dietary recall esti- ., mate for sodium was increased by 40% to account for the salt used in the home for cooking and at the table.
The nutrient data base was complete for potassium. Metabolic studies have shown that for levels of excretion similar to those reported here, the 24 hr urinary excretion of sodium and potassium is approximately 85% of the intake.)' The 24 hr urinary excretion data were increased accordingly. The estimated sodium and potassium intakes from the dietary recall and the urinary excretion were similar (table 3) . The sodium intakes were 203 meq by dietary recall and 198 meq by urinary excretion for men and 145 meq by dietary recall and 149 meq by urinary excretion for women. The potassium intakes were 90 meq by dietary recall and 84 meq by urinary excretion for men and 64 meq by dietary recall and 60 meq by urinary excretion for women. However, unadjusted values (i.e., the raw data) were used in the statistical analyses developed in subsequent sections. Blood pressure. The mean values for both systolic and diastolic blood pressures determined by the random zero apparatus were higher for men (1 16/75 mm Hg) than for women (109/70 mm Hg; p < .01). Children had blood pressure values of 90/60 mm Hg, which were considerably lower than those of men and women (table 1). The systolic blood pressures in women ranged from 85 mm Hg to 180 mm Hg and the diastolic blood pressures ranged from 45 to 110 mm Hg. The range was narrower for men with systolic blood pressures ranging from 90 to 150 mm Hg and diastolic blood pressures from 50 to 110 mm Hg. Although the distributions were similar for men and BAssume that urinary excretion is 85%c of intake.21
women, the blood pressures of men appeared to shift slightly to the right. The fifth percentile was 102 (systolic) and 61 mm Hg (diastolic) for men and 92 and 58 mm Hg for women. The 95th percentile was 134 and 91 mm Hg for men and 135 and 88 mm Hg for women. Ten percent of men and 7% of women had blood pressures of ' 140 mm Hg systolic and ' 90 mm Hg diastolic after the random zero readings were adjusted to standard sphygmomanometer values.
Age-related differences in blood pressure and urinary sodium and potassium excretion. Boys and girls (6 to 15 year age group) had similar values for blood pressures, with the boys excreting more urinary sodium and potassium than the girls (figure 3). Male subjects over 16 years of age generally had higher blood pressure values than female subjects until the ages of 46 to 55 years, when the women had values equal to or greater than those for men. However, as expected from their greater body masses, male subjects excreted more sodium and potassium than female subjects in all age categories. The greatest rate of increase in blood pressure and urinary sodium tended to occur between the age groups of 6 to 15 and 16 to 25 years and after the age grouping of 36 to 45 years.
Familial relationships and blood pressure, urinary electrolyte excretion, heart rate, and anthropometrics. Estimates of intraclass correlation coefficients for blood pressure and urinary electrolytes, adjusted for age, sex, and weight, are given in table 4. For each of these variables except diastolic blood pressure the family unit was a significant factor. The family unit was also a significant factor for body weight (r = .20) and heart rate (r = .18).
Correlation coefficients were computed for four groups within families (table 5) tions were found between spouse pairs (husbands and wives) for urinary excretion of sodium. (r = .38), potassium (r = .30), and creatinine (r -.42). The father and children had significant correlations for sodium (r = .35) and potassium excretion (r = .28) and the mother and children for urinary potassium (r = 48) and creatinine (r = .38). There were no significant relationships among siblings. "Degree to which individuals are more similar to family members than to individuals outside the family. Correlation coefficients were adjusted for age. sex, and weight.
BSignificantly different from zero (p < .05). 'Significantly different from zero (p < .01). Relationships between blood pressure and age, urinary sodium, potassium, and creatinine excretion, anthropometrics, and dietary factors. Age, body mass index, triceps skinfold thickness, and weight were positively correlated with blood pressure in men, women, and children (table 6) . Urinary sodium and potassium excretions were positively correlated with diastolic blood pressure in women. Urinary potassium was related to diastolic blood pressure in children. Urinary creatinine was related to both systolic and diastolic blood pressure in men, women, and children. The apical heart rate was correlated with both systolic and diastolic blood pressure, positively in men and women and negatively in children. There were no significant correlations of dietary sodium, potassium, and calcium (mg/ day) with blood pressure. However, for women the correlation coefficients between systolic and diastolic blood pressures and the concentration of calcium in the diet (mg/1000 kcal) were negative: r = -.16 (p < .05.) and r = -.20 (p < .01), respectively.
After adjustment for age, a relationship between blood pressure and weight, heart rate, and urinary creatinine excretion was noted in men and women and a relationship between dietary calcium excretion and systolic blood pressure was noted in men (table 7) .
After adjustment for body weight, only age and heart rate were associated with blood pressure. After adjustment for both age and weight, heart rate was related to blood pressure in men and women and dietary potassium and calcium were related positively to systolic blood pressure in men. These data suggest that age, weight, and heart rate may be independently related to blood pressure. In children, only weight appeared to be independently associated with blood pressure. BSignificantly different from zero (p < .01).
The relationship between heart rate and blood pressure has been reported in many epidemiologic surveys of both adults and children in the United States. The clinical significance of this relationship has been alluded to but has yet to be delineated. Heart rates were 3 to 6 beats/min faster in the upper quartiles of both the systolic and diastolic blood pressure than in the lower quartiles.
Effect of excluding men and women on antihypertensive medication. When the four men and 15 women who were taking antihypertensive medication were considered separately, the following differences were found. They were older than the population in general (men, 58 vs 36 years of age; women, 45 vs 36 years of age); they had greater body mass indexes (men, 27 vs 25; women-, 29 vs 24). The blood pressures were higher (men, 127/84 vs 116/75 mm Hg; women, 128/84 vs 109/70 mm Hg). The mean sodium excretion was not different, although the sodium excretion per kilogram of body weight was lower in the women who were taking antihypertensive medication (1.6 vs 2.1 meq/ kg). The correlation of sodium excretion with diastolic blood pressure was r = .16 (p < .05) in all women and r = 11 (NS) in the women after those on antihypertensive medication were removed from analysis. The intrafamily relationships were unchanged.
Discussion
Our data emphasize the importance of the family in the occurrence of hypertension and in the risk factors for hypertension. Although familial aggregation of blood pressure has been previously reported,'-' this is one of the first studies to demonstrate a familial aggregation of urinary sodium, potassium, and creatinine in randomly selected families. After adjustment for age and weight, family membership accounted for 22% of 82 the variation in sodium excretion, 30% in potassium excretion, and 40% in creatinine excretion, all suggesting a strong familial component. Among family members, urinary sodium, potassium, and creatinine excretions were most strongly related in spouse pairs and least related in the' children. The reason that children did not contribute significantly to what seems to be an environmental influence may be the result of insufficient numbers and more erratic and a greater range of sodium and potassium intake as assessed by urinary excretion.
This study and others have documented the rise in blood pressure with age. It has been suggested that factors other than age, such as weight, sodium and potassium intake, and heart rate are related to the rise in blood pressure.30 31 We found that age, weight, and heart rate were each independently associated with the rise in both systolic and diastolic blood pressure over time. However, since the aging process per se does not seem to cause a significant rise in the blood pressure in other cultures with lower intakes of sodium and with less obesity,32 the age-related rise in blood pressure may be considered one way of measuring the effect of environmental influences on blood pressure over time. The long-term exposure to excessive calories and greater intake of dietary sodium in proportion to potassium may well contribute significantly to the rise in blood pressure with age. Additionally, greater urinary calcium excretion has been shown to occur with increasing the intake of sodium (from 10 to 1500 meq) and a constant intake of potassium (80 meq).33 Theoretically, the higher sodium intake of the American population could then result in greater urinary calcium excretion. This long-term high-sodium, low-potassium exposure, coupled with a calcium intake that may be well below 800 mg/day in many people, might CIRCULATION contribute significantly to the rise in blood pressure over time in genetically susceptible individuals.3 A second factor independently associated with blood pressure in our study was heart rate, as has been noted previously. 35 The aggregation of heart rate in family members was a new finding, again stressing the importance of the family setting in blood pressure regulation. In addition, the heart rate has been shown to be the primary predictor for determining which borderline hypertensive patients will ultimately develop essential hypertension.3' 36 A possible metabolic relationship between heart rate and blood pressure has been suggested by Julius and Esler,37 who proposed that the Vol. 70, No. 1, July 1984 increased heart rate results from neurogenic factors, specifically an increase in or hyperreactivity to norepinephrine. Norepinephrine levels can be increased over time by greater blood volume, perhaps resulting from a high sodium intake and/or weight gain. 37 38 The third factor independently associated with blood pressure was body weight. Obesity also had a familial aggregation. Several possible mechanisms for this relationship can be suggested. As people gain weight, their blood volume increasesa known stimulant for norepinephrine secretion. In people with a genetic hyperreactivity to norepinephrine, the heart rate also increases. " In addition, heavier people consume more calories and hence consume more sodium.
In most previous studies dietary factors and blood pressure have not correlated well. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] 20 However, in the 182 women of this study, urinary sodium and potassium excretions did correlate positively with diastolic blood pressure. These relationships were no longer significant after adjusting for age and body weight. This point may again mean that heavier people eat more food, which in our culture contains more sodium and potassium.
For men, dietary intakes of potassium, calcium, and phosphorus were positively related to systolic blood pressure after adjusting for age and weight. This may seem at odds with the fact that populations that have a high potassium intake have a low incidence of hypertension. However, it has been shown that in our low potassium-consuming culture, potassium intake correlated positively with energy intake,39 which is confirmed by the results of this study. Thus one might expect potassium to be correlated positively with blood pressure. To our knowledge this is one of the first such correlations noted in western cultures and focuses on the need for more diet and blood pressure studies.
The role of calcium intake in hypertension has been the object of intensive investigational study recently.40 It has been hypothesized that a lower calcium intake contributes to the development of hypertension and the results of certain epidemiologic studies support this suggestion. 34 The calcium intakes in this study (expressed as mg/1000 kcal) did correlate inversely with blood pressure in women. However, after we adjusted for age and weight, calcium (mg/day) and blood pressure were not related in women and were positively correlated in men, which does not strongly support this hypothesis.
While certain risk factors for the development of coronary heart disease are now declining in the American population (i.e., serum cholesterol levels, smok-ing, and dietary intake of cholesterol and fat), the data of recent studies vs those of older epidemiologic studies suggest no such trend with regard to the risk factors for hypertension.4' Our randomly selected families weighed more than and were eating just as much sodium and as little potassium as Americans several decades ago. 14. 42 Therefore lower blood pressures could not be expected. In terms of prevention, the reduction of dietary sodium and an increase in dietary potassium meet great obstacles when it is considered that 60% of sodium intake is derived from processed foods consumed almost universally. The individual has no control over the intake of sodium from these foods. This involuntary ingestion of sodium is now being ameliorated somewhat by the recent marketing of lower-sodium foods and snacks. Such a trend, if continued, could help prevent hypertension in a significant segment of our population.
New strategies for achieving and maintaining ideal body weight, promoting changes in cooking and eating habits, and increasing physical activity within the family setting are indicated. Now that effective drug treatment has so greatly reduced the mortality from established hypertension, the prevention of hypertension by dietary changes in our population is the next important step.7 Such changes should occur in the family setting rather than be directed at the individual.
